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55.01S9 

A METHOD AND APPARATUS FO R COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR TEE LIKE 

The invention relates to the field of petroleum service and supply industries, and more 
particularly to completing welb for pr^^ 

While drilling b taking pUce, the integrity of a well is ccmirollcd by t drillmg mud of density 
that needs to be adjusted so that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the weH so to prevent collapse of the waU, it 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and are fixed in the wall of the well by 
fl gfw q itl ^ Thereafter, drilling can continue down to the next critical depth. 

Each nev^y-driDed length nam 

pass through the casing that is already mplaceatstaBcwer depth*. As arc 
staircase structure with a hole that is large at the top of the wcQ and much narrower at the 
bottom of the well. Such a configuration is frr from optimal: i Urge hole at the tur&ce means 
that drilling time must be wasted in a non-productive tone; whereas a narrow hole in the 
usefiil zone* does not favor production by good draining of the formation. 

Worse stiD, it often happens that the hole panes through unexpected critical zones even before 
boring has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets' of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface Under such 
circumstances, the only solution is often to cement these zones by putting easing into place 
tnurrafiatety, thereby further reducing the size of the bole, which can lead to a welt being 
abandoned if further difficult zones are encountered as drilKng continues. 
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It wffl also be understood that it is very difficult to repair damaged casing by installing new 
casing, without further significant reducing the tire of the hole and thui mnning the risk of 
preventing penetration of certain tools or items of equipment that may be needed in the 
production zones, for example. 

Over the last few years, the mdustry has developed new techniques of conrrpleting wells or of 
conipleting them temporarily, so as to inminuze the number of • steps' and to increase the 
downhole diameter of the wdL 

Proposals have thus been made to use a composite material comprising an expan da ble doth 
made of gjass fibers impregnated with riODi»rymcraed epoxy resin and having a robber 
membrane covering tU outside free which is directed towards the will of the hole. By using an 
appropriate laying tool, the irjembrane is applied against the watt of the hole or a damaged 
portion of casing, and the ream b caused to porymerw 

that technique is that it requires electrical power of the order of 1000 watts per linear meter, 
tbulimhirtgiuaw 

synthetic malerial can^ 
be capable, in particular, of withstanding treatments based cm stro^ 
that are particularly corrosive. 

US Patent 5 34* 095 proposes making casing out of a continuous tube of duetfe material 
capable of withstanding large aniounta of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
acconmansed by a re4uc^ 
r*x>biemsatthecn^ 

US Patent 5 366 012 proposes a perforated finer provided with overlapping longjtuolnal slots. 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
finer h used to expand the watt of the finer and the orifices become larger, r^reinforced 
cernem can then be cast werm^ 
the finer is bored again, tbcreby leaving a casing 

reinforcement. The need for further boring after cementing constitutes a major drawback of 
that tecrtnique. In addition, in the above-nvaitioiied case, the pressures required for expanding 
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the tube are quite high and the final length of the finer b reduced. Finally, the dots must be 
pierced in compliance with very precise specifications, which leads to a manufacturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing dial does not present 
the above-*nentiooed drawbacks of the art 

According to the mveotsoo* this object b achieved by a finer for completing i hole in an 
underground formation, the liner being co ns ti t ute d by a spiral-wound strip of spiral cross* 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the liner is circular in section 

To complete a weD, the spirsl tube is lowered to the bottom of the hole and its wills are 
spread by means of a placement tool, eg. a conical tool, so as to place the tonghtidmal edge in 
a touching position where they form a cylinder, A dosed continuous liner t* thus obtained 
which can be ceme n ted in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of the invention is rjarticutarry adapted to cementing weDs that are 
horizontal or nmiltUateral, given hs small mameter m its contracted state which lends itself 
wefl to being instaBed in narrow wells or m wells of trajectory that impedes the lowering of 
traditional casing segments. 

The Ener of the invention b also weD adapted to provisionally cotsipleting problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion b dose to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drilling can continue and the entile column, including 
the zone that has already been completed, b subsequently completed in cotrventional manner. 

The spiral casing of the invention can also be used for repairing casing that has been dimiged, 
since the outside diameter of the spin! casing after expansion can be selected to be equal to or 
very slightly less the inside diameter of the casing that is already in place. 

The spiral-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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lor^itudiMl sxis of the finer . Also ot^ 

to provide mechanical engagement at a predetermined diameter. 

In a more particularly preferred variant of the invention, the liner ii obtained by rolling up a 
strip about an axis that i« at a certain angle relative to the aril ofiymnietryofthe strip. Under 
wAenxuinstiatces. when the ImerUmti^ 

hefix around tbe cylinder. If the period of the heux it appropriate dtoaeiw then a geotnctrieaJ 
BgureU obtained whose length is not altered byeapanson. 

TteErjerofthettrventkmcanbewctn^ 

coiled tubing. In order to complete sections that are of great length, it to possible to weld 
together a plurality of sheets, ehte during manutteure of the fitter, whkfc b prefect when 
using the coiled tubing technique, or else (Erectly on site. 

The finer of the invention can be made of metal, e.g. Mel or any other material having the 
desired degrees of elasticity and plasticity, ttriioukl be observed that if a bigUyclastk 
is selected, and providing it has not been cemented, then the liner of the invention can 
optionally be removed, thus making temporary plasxnientt powible. 

Other details and advantageous duncteristice of the invention appear from the following 
description given with reference to the figures, in which: 

• Figure I is s diagrammatic view of a first embodiment of a finer of the invention before and 
after expansion, shown in perspective (Figures 1, and lb) and in end view (Figures la' ind 
TO 

•Figure 2 shows an expansion tool; 

• Figures shows an example of mechanical engagetnem using toothed edge* (F^res 3a to 



3d) and shows various profiles for such toothed edges; 
•Figure4Uaperspecfiveviewofalir«MU^ 



with toothed section*; 
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- Figure 5 shows a Oner of the invention having longuudmal edges constituting t double hefix, 
teen in perspective in the contacted state (figure Si), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c>, 

* Figure 6 show* an example of temporary completion using a finer of the invention; 

• Figure 7 shows a typical sequence for completion of i production zone; and 

- Figure 8 shows a variant of a finer of the invention that Is perforated and fitted with a sand 

The concept of the invention is shown in Figure 1. A strip* eg. a metal strip, is sph^I-wound 
(Figures la and ta 4 } with overlap over an angle A. After expansion, the liner is circular in 
tection and hs longitudinal edges come into contact to constitute s closed peripheral surrnce. 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the foUowing eouation: 



where A* the overlap angje, b expressed in racSans, and where the lengths De, Dc, and c arc 
expressed in the same units. 

With an overlap of 90* as shown in Figure la, a liner having an outside diameter De of 17.8 
OT(7")andatiuckiicssfi^ 

(5.86"). For an overlap of 180*, the expansion is close to 50%. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly u shown ihagrammaticalry in Figure 2, having t first end 10 suitable for 
being fixed to the end of a coiled tubeorof astrmgof rods, anda second end 11 of diameter 
similar to that of the spiral-wound liner in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the liner after 
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it hi* been expanded The enlarged zone 12 is preferably capable of being retracted at least in 
part by remote control means such as hydraulic pressure, mechanical means, or a combination 
of such means as is conventional for placement tools as used in wells. 

Inthe variart rfttemvent^ edges arc 

given teeth so a* to form a mechanical lock As can be Ken more particularly in Figures 3i to 
W, a toothed edge, to this case an edge having three teeth, can prc^c effective erigagtxnent. 

It may also be observed that tbe kxigfcufinal edges have a contact area feeing In a general 
direction X> at a ncm-zero angle relative to the normal to tbe longitudinal axis of the bner. An 
angle tfabc«t45\ and more 



Other vamrt toothed profit 

or on tbe contrary, decreased, and it is possible to select profiles that are nearer to being 
square so as to achieve engagement that » do ter to being of the tenon and mortise type, tn aU 

of the examples shown in Figure 3, the toothed edges follow a general direction 7) at a 
certaia angle relative to the normal to the longitudinal axis of the liner. The profile selected is 
preferably sucfc as to iriniflw 

complememary porta* Aa shown in Figure 3c, the elastic forces Fa and Fb that resuh from 
expancfing the spiral-wound finer create radial friction forces Fc and Fd which tend to move 
the edges apart Tbbseparitkmfi 
shape of the teeth. 

The forces Fa and Fb winch assist in kxJdng the finer are directly proportional to the overlap 
angle A of the finer in the coetracted position. Nevertheless, too ouch overlap also tends to 
mcrease the r«fid forces so that a 



The finer is expanded into the shape of a cone of dhtxmaions that depend essentially on the 
geometry of the spiral-wound finer and oo its elasticity, and to a smaller extent on the apex 
angle of the corneal expansion tod. To an* ttctkm fo^ 

an expansion tool constituted by a cone whose apex angle is close to that of the "natural* 
expansion cone of the spiral-wound liner. 
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As shown more particularly in Figure 4, the axis of the engagement teeth forms in angle B 
with the axis of the spiral-wound tube. TUs angle B has an optimum value lying between the 
"natural" expai^ 

Figures shows the most particularly preferred variant of the invention in which the Goer is 
obtained by roffing up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In the contracted position (Figure 5a), die edges form a double hefix 
around the finer. After expansion (Figure Sb\ the two hefixes coincide and the junction line 
winds helically around the Boer. 

A particularly idvaittgeous i?ect 

be performed without changing the X length of the finer. % as shown in Figure*; the 
"diameters* of the Boar are written Be and Be (where index g co r r e sp on ds to the finer being in 
the contracted state and index fi to the finer in the expanded state), and if the periods of the 
hefica! curves followed 

heCx b defined as being the distance measured along the kngHitf&nai axis of the liner between 
two cxyTespoafing points that are one complete turn apart around the cylinder of (fiameter Dc 
(orDetfthecascrmybe)),!**^ 

a finer whose total length is X, it can be shown that the teiigu L b ee^ to: 



X does not vary. 

With this double betoc configuration, it should alio be observed that if the strip constituting the 
finer is of thickness W t the* the diameter after expand 




and that consequently, if the tape U rolled up in such a 



D D 
that = 7^, then the length 
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Finally, mother consoquenoe of this geomc^ u thtt tU potato on tte 
in 4 plane perpetulkular to the am of tte Ki^ during ^ 

double hetia liner are cut perpendiaiUrr/ to the tongitudmal axis, then after expansion these 
ends wffl define perfect drdes in plane that are themselves perpendiaOar to the longhudina] 
axis of the finer. This disposition is particularly frvonble for ensuring scafing of the 
completion at the cadi of the line*. 

Figures 6 ^7 are highly diagr^^ 

wound finer of the mvwnion, h being understood that these examples are not limiting m any 
way. 

In the example shown in Figure 6\ the spiral-wound tube b used for completing a zone in 
tanporarymaiuw.lnawdl^ 

between the tocniring gradient and the pressure of the fbrtnatioa There may ahemarivdy be 
problems associated, for example, with the presence of formations that are highly unstable 
(dayey rock, sands, salts, etc.) in depletion rones, or other probkms that are well known to 
the person skilled in the tit The fin^ 

proportion to their length since anticipated completion thereof requires casing to be installed 
on an extra occasion, thereby re^ 

The well has been drilled and cash^ has been iitfalledm * - Drilling has then 

continued beneath ttec^ 

is not cased, prior to reaching a sone 4 of length Lz which needs to be treated towiediately 
(Figure 6a). The deebson b ta^ 

mverrioa K spral-wound liner 5 is pushed towards the bottom of the well by means of a 
double omical exnainion toc^ 

move on (Figure 6b) so as to spread apart the walls of Ac liner until they reach a predefined 
diameter (Figure 6c). Once the Bncr is in place (Figure 6d) the expansion tool is returned to 
the surfrce and the Bner is ceriwtfed ush^g lw 

fhown lore, the finer is rtfovided whh openings 8 to aDow cement to pass from the inside of 
the finer towards the annutus 9 which is to be cemerted, however it is dear that a < 
shoe could be used. 
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After expansion, the inside diameter of the liner is practically identical to the diameter of the 
totem zones where there « nod 

m the zone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to drill through a cemented zone, and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
well 

it is dear that adrfh^mtl tnoti such »« ■ r^rmn^ h* umeA in jywhmafioa with the finer 
of the inventus AJscs tte 

easily deformed and that b easy to driB (eg. abmmum), thereby guarenteebtg that the spiral- 
wound bner is propedy expanded over its entire length. 

A typical sequence of using a spiral-wound liner of the invention for completing a section of a 
reservoir is shown m Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it U then expanded by means of an expansion tool 
(Figures 7b and 7c). like any other proebction Uner, the Bner of the invention is, in this case, 
pierced to allow production mods to pass therethrough, and as shown in Figure*, it is 
preferabry covered be grid wr^ 

to spiral winding. The grid U preferably on the outride free of the liner, racing towards the 
walL 

It should be observed that the surface area of the roDed-up strip remains unaltered during 
expulsion so web arc not weakened b^ 

place and expanded For the same reason, the size and distribution of the openings provided 
for allowing the production folds to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and m the expanded state. This makes h 
possible, in particular, to obtain a liner that is very strong in association with greater stability 
and longer Gib of the well. 
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ForaborizoatalweaaapW^vouudu^ 

can be placed very dose to the fonwtion, even in the upper pwtion of ihe finer, and that is 
often not the cue with a conventional tow that U incapable of being contracted. 



So long as it has not been eemeatod, a spiral-wound finer can be withdrawn by means of a 
ipedJ tool which separate, the k>ogitu^ 

return to • stele similar to that of ha initial contracted Kate. If Rich withdrawal is eapected 
only •Iter severnl month, or ymn, care should be taken to »e . ««e«l ttat k c-pabk of 
retaining its elastic properties over such a long period of time. 

Tbe geometry of the spiral-wound liner of the invention U entirely compatible with mass 
production at low cost For cample, it is possible to use nietal strips (where necessary strips 
that are welded together) that are pierced in * predefiued patter e* by punches niou^ 
roUencrtjyahvdreubeprmhavmgapun^^ 

continuously so as to give them a toothed profile and grids may shmtarfy be welded at least 
•long one of the longitudinal edge* before winding into a spiral. Finally, the strip may be 
spiral-wound dhecuy and then coiled, ekher contimioush/ or ete after beag out up m^ 
lengths. 

In general, it is preferable to pay out a finer of the mvertionfromaredew*th*»d>eaper 
once the section to be completed is long. Kid more rtfiable since connection, are omitttd. 
Nevertheless, it is equally possible to use liners of fixed length and to perform completion in a 
; by repeatedly placing and expanding lengths of finer. 



zone I 
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CLAIMS 

V A finer for completing a bolt tn an underground formation, the finer being constituted by t 
spiral-wound strip, its longitudinal edges having complementary touching profile* such that 
i&er expansion the faer ii circular La section. 

2/ A finer according to cUim I, characterized in that the longitudinal edges define a contact 

surface of general mrecrioD £> lying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

1/ A finer according to claim 2, characterised in that said angle formed by the general direction 
D of the contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding claim, characterised in that the finer is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A liner according to any preceding daim, characterized m that it h provided with opening* 

7/ A liner according to dalm 6, characterized in that it is covered m a grid. 

8/ A finer according to claim 7. characterized in that the grid is wdded on 

9f A method of completing a hde in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip is opened unti a circular section is obtained by means 
of a conical placement tool for putting the tagftudmal edges into a teaching position. 

10/ A method according to claim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method according to claim 9 or 10, for repairing * casing. 

13/ The uk of the method of claim 9 for completing a production zone. 

14/ A system for completing a hole in an underground formation, characterized in that it 
includes a liner according to any one of claims 1 to 8 and an expansion tool suitable for 
splaying span the longitudinal edges until they take up a position where they touch each other 
edge-to-edge. 

15/ A. tool for withdrawing t Hoer according to any one of claims 1 to 8, the tool comprising 
means for moving the longitudinal edges apart by a diameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound cemfiguratkm of a diameter that b *nuD enough to enable the liner to be extracted from 
the well. 
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